Background: Improving the quality of physicians' recommendations for human papillomavirus (HPV) vaccination is critical to addressing low coverage. Thus, we sought to describe HPV vaccine communication practices among primary care physicians.
Introduction
Low coverage of human papillomavirus (HPV) vaccine is one of the most pressing problems in cancer prevention (1) . Despite an excellent safety profile (2) , mounting evidence of effectiveness (3, 4) , and national guidelines for routine administration (5) , only 38% of adolescent girls and 14% of adolescent boys complete the three-dose HPV vaccine series (6) . In contrast with our success in delivering other adolescent vaccines, HPV vaccination continues to fall far short of the Healthy People 2020 goal of 80% coverage (6) . This shortfall carries serious consequences, translating into 53,000 future cervical cancer cases over the lifetimes of girls ages 12 years and younger (1) . Persistent racial, economic, and geographic disparities in cervical cancer mortality in the United States make this missed opportunity for cancer prevention all the more regrettable (7) .
Public health leaders, including the Centers for Disease Control and Prevention (CDC) and the President's Cancer Panel, have identified improving healthcare providers' communication as a key strategy for raising HPV vaccine coverage (1, 2) . A provider's recommendation is one of the strongest and most consistent predictors of HPV vaccination, yet providers often miss opportunities to deliver effective recommendations (2, (8) (9) (10) (11) (12) (13) . Parental reports suggest that over one third of adolescent girls (36%) and half of adolescent boys (58%) do not receive a recommendation (2) . Furthermore, recommendations parents and adolescents do receive may be weak, with some providers expressing limited support for HPV vaccine or suggesting delayed vaccination when faced with parental hesitancy (14, 15) .
The promise of modifying provider communication to improve HPV vaccination has inspired the mobilization of considerable resources for intervention development. The CDC, for example, has launched "You Are the Key," a national campaign for improving provider communication, while also funding state and regional health departments to develop their own providerfocused quality improvement programs (16) . Research on provider communication about HPV vaccination is urgently needed to inform these efforts. Although existing communication campaigns advise providers in general terms about the importance of "strong" HPV vaccine recommendations delivered "the way you recommend other vaccines," little evidence exists for giving providers more specific guidance about how to improve their recommendations (17) .
To address this need, we used data from a national survey of primary care physicians to: (i) assess the prevalence of five communication practices for recommending HPV vaccine according to national guidelines and (ii) identify correlates of overall recommendation quality. As one of the first surveys to investigate multiple aspects of HPV vaccine recommendation quality, our study aims to inform efforts to target interventions to the specific communication practices and provider populations that could benefit most.
Materials and Methods

Participants and procedures
The Physician Communication about HPV Vaccination Study was an online survey of U.S. pediatricians and family physicians conducted from April to June 2014. We contracted with a survey research company to administer the survey, which we developed, to an existing national panel of physicians (18) . Panel members, who were recruited from American Medical Association lists, included 2,368 primary care physicians (51% family medicine, 49% pediatricians) practicing across the United States (22% Northeast, 23% Midwest, 37% South, 18% West); about two thirds (68%) were male. For this study, eligible respondents were pediatricians and family medicine physicians who indicated providing preventive care, including vaccinations, to adolescent patients ages 11 to 12 years. We focused on pediatricians and family physicians because in the United States, most doses of HPV vaccine are delivered in the context of these specialties (19) . Our survey gave special consideration to patients ages 11 to 12 years because national guidelines specify this group for routine HPV vaccination (5) .
The survey company emailed invitations to all 2,368 panel members with pediatric or family medicine specialties, and 1,022 physicians (43%) used the link provided in the invitation to access the survey site. Of these, 776 (76%) met eligibility criteria and completed the survey. Data on the percentage of ineligible respondents are not available, but overall, 33% of physicians in the panel completed the survey. Respondents provided informed consent and received $25 to $45 for their participation, with higher incentives used to maximize participation later in the fielding process. The University of North Carolina (Chapel Hill, NC) Institutional Review Board approved the study protocol.
Measures
Our survey assessed indicators of HPV vaccine recommendation quality based on a framework that we developed using national practice guidelines and the research literature. Because guidelines specify a target age range for routine vaccine administration (5), two items assessed recommendation timeliness, or whether physicians start recommending HPV vaccine for male and female patients by ages 11 to 12 versus older or not at all. Because guidelines are for routine HPV vaccination by age versus selective vaccination by risk (5), one item assessed recommendation consistency, or the avoidance of risk-based approaches to recommending HPV vaccine. Because some physicians suggest delaying HPV vaccination (14, 15) , our survey assessed urgency, or recommending same-day vaccination versus otherwise. Finally, because some physicians frame HPV vaccine as an optional vaccine (14, 15) , we assessed strength of endorsement, or saying that the vaccine is "very" or "extremely" important versus less so.
We combined these five items into an index of overall recommendation quality by awarding one point for each indicator of quality and calculating the sum (20) . For our primary analysis, we next created two index categories: low quality (scores of 0-3) and high quality (scores of [4] [5] . For subsequent sensitivity analyses, we redefined these categories using cutoffs of 3 and 5 (versus 4) for high recommendation quality.
To better understand the communication context surrounding HPV vaccine recommendations, our survey included five items that assessed physicians' perceptions of their discussions with parents. Respondents indicated how important parents feel HPV vaccine is for their 11-to 12-year-old children. Two items assessed whether respondents anticipate uncomfortable conversations when recommending HPV vaccine for 11-to 12-year-olds and whether having to talk about a sexually transmitted infection makes conversations about HPV vaccine uncomfortable. Respondents indicated the conversational tone that they feel parents are most receptive to and how important tone is in relation to the content of what physicians say.
Three survey items assessed additional communication practices. Respondents indicated which of the following they do first in discussions about HPV vaccine: say the child is due, give information, suggest giving HPV vaccine to the child, elicit questions, or say they will give HPV vaccine at the end of the visit. Respondents also indicated whether they say HPV vaccine can prevent cervical cancer, other cancers, genital warts, or none of these. For those respondents who had indicated using a risk-based approach to recommending HPV vaccine, one item assessed which groups of adolescents they perceive to be at higher risk for HPV infection.
On demographic and professional characteristics, our survey assessed respondents' sex, medical specialty, and years in practice since residency. Respondents also indicated the number of adolescent patients they see in a typical week, as well as the percentage of vaccine doses they deliver through the Vaccines for Children (VFC) program. VFC is a federally funded program that provides free vaccines to vulnerable populations (21) . On clinical practice characteristics, respondents indicated their practice type (private practice vs. other), the total number of physicians in the clinic, whether the clinic regularly stocks HPV vaccine, and the state in which the clinic is located. We categorized locations into national regions using U.S. Census classifications (22) . The full survey instrument is available online at www.unc.edu/ntbrewer/hpv. htm.
Statistical analysis
We used simple logistic regression to identify bivariate correlates of high HPV vaccine recommendation quality. We then entered statistically significant correlates into a multivariable model. To probe the robustness of our findings, we reran our analyses to assess all correlates when we defined the cutoff for high recommendation quality as composite scores of 3 or 5 (vs. 4). We conducted analyses using Stata Version 12.0. Statistical tests were two-tailed with a critical a of 0.05.
Results
Respondents were pediatricians (53%) and family physicians (47%; Table 1 ). About two thirds (68%) were male, and over half (55%) had 20 or more years of experience in practice. Most physicians (83%) saw 10 or more adolescent patients per week, and over half (55%) reported that VFC provided at least one tenth of the vaccine doses they deliver. Most respondents worked in private practices (85%). We did not find statistically significant differences between respondents and those invited to participate on specialty, sex, or national region (all P > 0.05).
HPV vaccine recommendation quality
Across our quality indicators, physicians' HPV vaccine recommendation practices were most often weak in the areas of consistency and urgency (Table 2) . A majority of physicians (59%) used a risk-based approach to recommending HPV vaccine, and about half (49%) did not usually recommend same-day vaccination. A substantial minority also reported weaker recommendation practices in the areas of timeliness for males (39%), timeliness for females (26%), and strength of endorsement (27%). Composite quality scores spanned the range of the index with 10% of physicians scoring a zero and 22% scoring a five; about half of physicians (51%) fell into the category for low recommendation quality (Fig. 1) .
Communication context and practices
Overall, almost half of the physicians (47%) believed that parents feel HPV vaccine is not or only slightly important for their 11-to 12-year-old children. About one third of respondents somewhat or strongly agreed that they anticipate uncomfortable conversations about HPV vaccine (34%) and that having to talk about a sexually transmitted infection makes conversations about HPV vaccine uncomfortable (32%). Most physicians (84%) perceived the tone of HPV vaccine conversations to be as or more important than what is said. Respondents more often indicated that parents are receptive to a tone that is informative (76%) or nonjudgmental (44%) versus concerned (23%), warm (22%), or upbeat (13%).
In terms of strategies for introducing HPV vaccine, similar numbers of physicians reported that they begin discussions by giving information (34%), saying the child is due (30%), or suggesting the child get HPV vaccine (29%); very few physicians (1%) indicated starting discussions by saying they will give HPV Research.
on September 30, 2017. © 2015 American Association for Cancer cebp.aacrjournals.org Downloaded from vaccine at the end of the visit. Almost all physicians reported saying that HPV vaccine prevents cervical cancer (99%), and a majority also said genital warts (84%) or other cancers (55%). Physicians using a risk-based approach to recommending HPV vaccine most often identified sexually active adolescents (71%) and adolescents who have had a sexually transmitted infection (60%) as being at higher risk for HPV infection (Fig. 2) . Fewer than half correctly identified gay and bisexual males (43%) and older adolescents (39%) as being at increased risk for HPV infection.
Correlates of high-quality HPV vaccine recommendations Table 3 shows the proportion of physicians with high recommendation quality scores for each level of the candidate correlates. On communication context, high-quality scores were less common among physicians who believed parents felt HPV vaccine was of low versus higher importance (multivariable OR, 0.60; 95% confidence interval; CI, 0.43-0.84) or perceived having to talk about a sexually transmitted infection as making conversations about HPV vaccine uncomfortable (OR, 0.45; 95% CI, 0.31-0.65). Although bivariate analyses indicated that anticipating uncomfortable conversations also correlated with lower recommendation quality, this variable did not retain statistical significance in the multivariable model.
On communication practices, high recommendation quality scores correlated with beginning discussions about HPV vaccine by saying the child is due compared with giving information (OR, 0.12; 95% CI, 0.08-0.18), suggesting the vaccine (OR, 0.26; 95% CI, 0.17-0.40), or eliciting questions (OR, 0.13; 95% CI, 0.06-0.29). Recommendation quality also correlated with saying HPV vaccine prevents three disease types (cervical cancer, other cancers, and genital warts) compared with cervical cancer and genital warts (OR, 0.56; 95% CI, 0.38-0.82) or cervical cancer alone (OR, 0.36; 95% CI, 0.20-0.64).
We did not find statistically significant differences in HPV vaccine recommendation quality by physician or clinical practice characteristics in the multivariable analysis. However, bivariate analyses indicated that high-quality scores were less common among family physicians versus pediatricians, males versus females, those reporting low versus high participation in the VFC program, and those who did not regularly stock HPV vaccine versus those who did. Our sensitivity analyses yielded the same pattern of findings in terms of the identified correlates of high recommendation quality; for this reason, we do not report further on these data.
Discussion
Many pediatricians and family physicians in our national sample reported recommending HPV vaccine inconsistently, behind schedule, or without urgency. Of the quality indicators we assessed, consistency was most often lacking, with fewer than half of physicians avoiding a risk-based approach to recommending HPV vaccine. Although targeting health services according to need holds intuitive appeal, the strategy is poorly suited to preventing HPV infections, which are so highly prevalent that one third of older adolescent girls carry the virus at any given time (1) . When asked in our survey, many physicians in our study did not indicate that factors such as being sexually active or older in age put adolescents at higher risk for HPV infection. In the absence of such knowledge, a risk-based recommendation approach will exclude many adolescents who could benefit from vaccination. The difficulties inherent in accurately assessing risk related to sexual activity make a risk-based recommendation approach all the more problematic (23, 24) . Informing physicians and other vaccine providers about the need for and rationale behind routine versus risk-based delivery of HPV vaccine may be one way to improve recommendations and, in turn, raise coverage (24) . Specifically, physician educators should emphasize that a "just in time" approach to recommending HPV vaccine will fail to protect many adolescents before HPV exposure, thereby decreasing the potential benefits of vaccination.
In addition to being inconsistent, our findings suggest that HPV vaccine recommendations often lack timeliness and urgency. In keeping with prior research on timeliness (15) , about one quarter of physicians in our study reported that they did not routinely recommend HPV vaccine for 11-to 12-year-old girls. Over one third of physicians did not do so for boys of the same age, which suggests improvement over prior years (15, 25) , but still represents a concerning departure from practice guidelines. On urgency, about half of physicians reported recommending HPV vaccination for a later visit or giving a choice about when to vaccinate, rather than recommending same-day vaccination for patients in the target age range. These deficiencies in recommendation timeliness and urgency likely lead to avoidable delays in vaccination, thereby contributing to underimmunization among younger adolescents (24) . More indirectly, some parents may interpret weak recommendations as signaling physician ambivalence and decide to forgo HPV vaccination for their children altogether (26) . Physician educators should emphasize the importance of recommending same-day HPV vaccination for patients, ages 11 and 12, and a special emphasis on boys is warranted to improve the timeliness of HPV vaccine recommendations for this group.
Our finding that one quarter of physicians did not strongly endorse HPV vaccine for younger adolescents further raises the possibility that physicians' communication contributes to parental hesitancy. This finding adds to a growing literature suggesting that many healthcare providers recommend HPV vaccine less strongly than other vaccines, preferring instead to frame it as an "optional" vaccine (14, 15) . Convincing physicians of the value of HPV vaccine is likely important for improving their communication, and the recent FDA approval of a new, nine-valent vaccine for protection against more HPV types provides one opportunity Risk groups physicians target for HPV vaccination, among those using a riskbased recommendation approach (n ¼ 460). (27) . For this and other occasions for continuing education, recommendation consistency, timeliness, urgency, and strength of endorsement offer specific targets for better aligning physician communication with the goal of routine administration of HPV vaccine. Our findings suggest that many physicians view HPV vaccinerelated discussions negatively, and understanding these perceptions may help to contextualize suboptimal recommendation practices. Most strikingly, almost half of the physicians in our sample perceived parents' endorsement of HPV vaccine as being very low for adolescents in the target age range. Furthermore, about one third of physicians reported that having to talk about a sexually transmitted infection made conversations about HPV vaccine uncomfortable. In both instances, having a negative perception of HPV vaccine discussions correlated with lower recommendation quality. This study's cross-sectional design precludes analysis of whether recommendation practices cause or are caused by negative perceptions. In either case, however, physicians may benefit from learning that healthcare providers tend to overestimate HPV vaccine hesitancy and that many parents are willing to vaccinate their children (2, 28) . Training physicians in communication strategies for foregrounding cancer prevention and better navigating the topic of sex in relation to HPV vaccination is another avenue for alleviating the interpersonal discomfort that may discourage recommendations (24, 29) . Research is needed to evaluate interventions for helping physicians communicate about HPV vaccine with greater confidence and to assess how physicians' perceptions of the social environment and other factors, such as vaccine cost, influence their recommendation practices (30, 31) .
We found that two communication practices correlated with higher recommendation quality scores. First, quality was higher among physicians who began conversations about HPV vaccine by saying that the child was due versus giving information or eliciting questions. This approach may correspond with a more directive, or "presumptive," communication style that research in early childhood vaccination suggests is associated with higher vaccine acceptance when compared with an open-ended, "participatory" style (32, 33) . Second, we found that higher recommendation quality correlated with telling parents that HPV vaccine protects against three disease types (i.e., cervical cancer, other cancers, and genital warts) versus cervical cancer and genital warts or cervical cancer alone. Interestingly, our prior research with patients generally lends support to the idea that prevention messages about HPV vaccination are more compelling when they mention more disease types (34) . Given that in our sample of physicians the strongest proponents of HPV vaccine favored a directive communication style and comprehensive prevention messaging, these communication practices are especially promising and should be tested further in terms of their short-and longterm effectiveness and acceptability.
Strengths of our study include data from a large, national sample of primary care physicians. Although improving recommendation practices is a primary goal in the national campaign to raise HPV vaccination coverage, relatively few studies to date have explored physicians' experiences of HPV vaccine recommendation and delivery in any depth. Although gaining physicians' perspectives is a study strength, the self-reported nature of our measures also constitutes a limitation. Most notably, physicians in our sample may have overestimated the quality of their recommendation practices because of a tendency among survey respondents to report socially desirable behavior. Limitations also include a modest response rate, which is a common challenge for physician surveys (35) . Although surveys of physicians appear to be less vulnerable to nonresponse bias than surveys of the general population (35) , our findings should be replicated with other national samples; additional research could be especially helpful in describing subgroup differences in physician communication by factors such as geographic region or patient population served. Finally, because we restricted our sample to physicians, further research is needed to characterize HPV vaccine recommendation practices of other important vaccine providers, including nurse practitioners and pharmacists (36, 37) .
Conclusion
Half of the primary care physicians in our national sample reported at least two communication practices that likely compromise their ability to meet guidelines for the routine delivery of HPV vaccine. Interventions are urgently needed to help physicians improve their HPV vaccine recommendations, and the quality indicators of timeliness, consistency, urgency, and strength of endorsement offer one framework for guiding these efforts. Given evidence that many physicians are uncomfortable discussing HPV vaccine and view parents of younger adolescents as unreceptive, interventionists should be sensitive to the interpersonal dynamics of the clinical encounter, and helping physicians better navigate the topic of sex may be an especially important goal. Testing the effectiveness and acceptability of communication strategies, such as the use of a presumptive recommendation style, should also be a priority. By improving how physicians recommend HPV vaccine, we can raise national coverage, thereby ensuring that today's youth enjoy the full benefit of a potent tool for cancer prevention.
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